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Perennial species are 
particularly effective for: 
•Building and conserving soil 
•Capturing and storing carbon 
•Holding and filtering water 
•Providing wildlife habitat 
•Cycling nutrients efficiently 
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Investigations of the effects of 
perennial species at three scales: 
• Plot and field (Marsden Farm rotation study, 
Boone, IA) 
• Watershed (experimental watershed study, 
Neal Smith NWR, Prairie City, IA) 
• Landscape (modeling analyses, western IA)  
 
Marsden Farm, Boone, IA 
4 blocks x 9 treatments; 
each phase of each  
rotation system 
present each year 
Plot dimensions: 60 ft x 275 ft 
Liebman, M. et al. 2008. Agronomy Journal 100: 600-610 
Three contrasting  
crop rotation systems 
• 2-year rotation: corn–soybean 
– conventional management 
• 3-year rotation: corn–soybean–small 
grain+ red clover (green manure)  
– less fertilizer and herbicide; triticale used in 
2003-2005; oat used in 2006 and 2007 
• 4-year rotation: corn–soybean–small 
grain+ alfalfa–alfalfa (hay)  
– less fertilizer and herbicide; triticale used in 
2003-2005; oat used in 2006 and 2007 
 
Composted beef manure applied to 
forage legumes before corn in 3-yr  
and 4-yr rotations 
2-yr 
rotation 
3-yr 
rotation 
4-yr 
rotation 
Crop lb N/acre/yr 
Corn 115 39 26 
Soybean 4 4 4 
Small grain – 18 18 
Alfalfa hay – – 4 
Rotation 
average 
60 20 13 
-65% -79% 
Mean N fertilizer use, 2003-2007 
Reducing herbicide use with multiple tactics 
Asynchronous harvests 
Banded 
herbicides 
Stubble clipping & 
hay removal 
Cultivation 
2-yr 
rotation 
3-yr 
rotation 
4-yr 
rotation 
Crop lb a.i./acre/yr 
Corn 1.44 0.06 0.06 
Soybean 1.96 1.04 1.04 
Small grain – 0.00 0.00 
Alfalfa hay – – 0.00 
Rotation 
average 
1.70 0.37 0.28 
-78% -84% 
Mean herbicide use, 2003-2007 
Contrasting rotation systems: 
Yields and economics 
Rotation system 
Crop 2-yr  3-yr  4-yr  
Corn (bu/acre) 196 b 203 a 206 a 
Soybean (bu/acre) 51 b 56 a 56 a 
Small grain (lb/acre) – 3,520 a 3,568 a 
Alfalfa hay (tons/acre) – – 4.0 
Mean crop yields 
2003-2007 
2-yr 
rotation 
3-yr 
rotation 
4-yr 
rotation 
Gross revenue ($/acre/yr) 397 345 366 
Production costs ($/acre/yr)* 185 141 134 
Labor requirement (hr/acre/yr) 0.74 1.17 1.38 
Return to land and management 
($/acre/yr) 
204 192 218 
Return to labor ($/hr) 277 164 158 
Economic costs and returns 
2003-2006 
* land cost excluded; labor cost ($10/hr) included 
2-yr 
rotation 
3-yr 
rotation 
4-yr 
rotation 
Return to land and 
management ($/acre/yr) 
Without subsidies 204 192 219 
With subsidies 260 241 263 
Gain due to subsidies 56 49 44 
Impacts of subsidy payments,  
2003-2006 
Contrasting rotation systems: 
N dynamics 
Mean NO3-N concentrations and 
frequencies at which concentrations were 
within important thresholds, 2004-2007  
(M. Tomer, unpublished data)  
Rotation length 2-year 3-year 4-year 
NO3-N, mg/L 12.1 13.4 8.9* 
Frequency NO3-N <0.2 mg/L 0.08 0.07 0.24* 
Frequency NO3-N <10 mg/L 0.31 0.42 0.50* 
Crop effects on mean NO3-N concentrations and 
frequencies at which concentrations were within 
important thresholds. Data were averaged over 
rotation systems, 2004-2007. 
(M. Tomer, unpublished data) 
 
Corn Soybean Small grain Alfalfa 
NO3-N, mg/L 12.2 bc 13.1 c 10.6 b 1.6 a 
Freq. NO3-N <0.2 mg/L 0.13 b 0.02 a 0.10 ab 0.88 c 
Freq. NO3-N <10 mg/L 0.45 b 0.29 a 0.38 b 0.92 c 
12 experimental watersheds,  
1.2 to 7.9 acres each , 
Neal Smith NWR, Prairie City, IA 
Experimental Watershed Treatments 
Neal Smith NWR, Prairie City, IA 
= perennial 
vegetation 
= corn and  
soybean row crops 
100% row  
crops 
10% 
perennial, 
bottom  
10% 
perennial, 
strips  
20% 
perennial, 
strips  
100% 
perennial 
Cabbage 
Site 
(n = 2) (n = 3) 
Conservation strip in corn, 2008 
Water and sediment  
monitoring equipment 
 
 
Source: M. Helmers, unpublished data 
Impacts of diversified crop/livestock systems  
on soil erosion and leachable nitrogen 
in western Iowa 
An agriculture without grass loses a  
primary source of strength. -- Henry A. Wallace 
Burkart, M. et al. 2005.  
Journal of Geophysical Research-Biogeosciences 110:  
G01009, doi:10.1029/2004JG000008  
Two scenarios 
• Current conditions for crops, non-
agricultural vegetation, cattle, and hogs 
• Alternative conditions comprising more 
land in oat, forage, riparian buffers and 
eco-reserve; decreased land in corn and 
soybean; increased cattle (1.5x) and hogs 
(8x); no synthetic N fertilizer 
Existing and alternative  
land use patterns, western Iowa 
Predicted soil erosion for current (A) and  
alternative (B) land uses in western Iowa 
(“T” < 11.3 Mg ha-1 yr-1) 
Predicted soil nitrate-N concentrations for current 
and alternative land uses in western Iowa 
  NO3-N, kg/ha 
Median: 32 kg NO3-N/ha Median: 10 kg NO3-N/ha 
The (near) future of 
perennials in Iowa: 
• Forages for integrated crop-livestock 
systems 
• Conservation strips, riparian buffers, 
and wetlands 
• Biofuel feedstocks 
